Cellular trafficking and degradation of erythropoietin and novel erythropoiesis stimulating protein (NESP).
Erythropoietin (Epo) is essential for the production of mature red blood cells, and recombinant Epo is commonly used to treat anemia, but how Epo is degraded and cleared from the body is not understood. Glycosylation of Epo is required for its in vivo bioactivity, although not for in vitro receptor binding or stimulation of Epo-dependent cell lines; Epo glycosylation actually reduces the affinity of Epo for the Epo receptor (EpoR). Interestingly, a hyperglycosylated analog of Epo, called novel erythropoiesis-stimulating protein (NESP), has a lower affinity than Epo for the EpoR but has greater in vivo activity and a longer serum half-life than Epo. We hypothesize that a major mechanism for degradation of Epo in the body occurs in cells expressing the Epo receptor, through receptor-mediated endocytosis of Epo followed by degradation in lysosomes, and therefore investigated the trafficking and degradation of Epo and NESP by EpoR-expressing cells. We show that Epo and NESP are degraded only by cultured cells that express the EpoR, and their receptor binding, dissociation, and trafficking properties determine their rates of intracellular degradation. Epo binds surface EpoR faster than NESP (k(on) = 5.0 x 10(8) m(-1) min(-1) versus 1.1 x 10(8) m(-1) min(-1)) but dissociates slower (k(off) = 0.029 min(-1) versus 0.042 min(-1)). Surface-bound Epo and NESP are internalized at the same rate (k(in) = 0.06 min(-1)), and after internalization 60% of each ligand is resecreted intact and 40% degraded. Our kinetic model of Epo and NESP receptor binding, intracellular trafficking, and degradation explains why Epo is degraded faster than NESP at the cellular level.